Cultured human skin fibroblasts synthesize proteoglycans that are mainly secreted into the medium. Up to 30% of the newly formed proteoglycans, however, become associated with the cell surface and up to 20 % may stay within the cells, where they are rapidly degraded (Neufeld & Cantz, 1973; Kresse et al., 1975) . Degradation of the carbohydrate side chains of proteoglycans appears to take place only within lysosomes. Before degradation the proteoglycans of the different compartments have therefore to be transferred to the lysosomes. Macromolecules from the cell surface and the exterior are internalized by cells via endocytosis. Endocytosis becomes a selective and highly efficient uptake mechanism if macromolecules are provided with a recognition marker that interacts with cell-surface receptors.
Previous studies in arterial fibroblasts showed that sulphated proteoglycans become internalized by adsorptive endocytosis, suggesting the involvement of specific binding (Kresse et al., 1975) . The present study extends these findings and provides information about (a) the interaction of sulphated proteoglycans with the cell surface of human skin fibroblasts, (b) the endocytosis and degradation of sulphated proteoglycans and (c) the effect of cellculture variables and of macromolecules on these processes.
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Materials and Methods Materials
Sodium [35S] sulphate (sp. radioactivity 5 Ci/mg of S) and [35S] heparin (37mCi/g) were obtained from Amersham Buchler, Braunschweig, Germany; dextran, dextran sulphate, DNA and polygalacturonic acid were from Serva, Heidelberg, Germany; [3H]heparan sulphate (from bovine aorta), hyaluronate (from human umbilical cord), dermatan sulphate (from calf skin) and chondroitin sulphate (from bovine nasal cartilage) were a gift from Dr. U. Klein ofthis Institute.
Methods
Cell culture. Human skin fibroblasts and bovine arterial fibroblasts (smooth-muscle cells) were grown in 75 cm2 Falcon plastic flasks (LS Labor Service, Munchen, Germany) in modified Eagle's minimum essential medium (Eagle, 1959) , supplemented with 10% (v/v) foetal calf serum (LS Labor Service), non-essential amino acids, penicillin and streptomycin, as previously described (Cantz et al., 1972) .
Preparation of [35S] proteoglycans from fibroblast secretions. Confluent cultures in Falcon flasks were incubated in the presence of 15 ml of serum-free medium [Gorham & Waymouth (1965) (Kresse et al., 1975 Kresse et al. (1975) . with 0.15M-NaOH at 37°C for 4h, followed by neutralization and dialysis against 0.15M-NaCl. Glucuronic acid was determined as described by Bitter & Muir (1962) (Fig. 5 ). This was confirmed by an experiment in which cells were seeded at a concentration of 15 000 cells/cm2 and endocytosis was assayed after 2-19 days. The endocytosis rate was maximal after 10 days, when maximal cell density was reached. In both experiments the rate of degradation was independent of cell density, and adsorption was maximal in sparse cultures, where the surface/cell ratio is maximal. Foetal calf serum in concentrations between 0 and 20% has no influence on the adsorption, endocytosis and degradation of [35S] proteoglycans.
The pH-dependence of endocytosis of [35S]proteoglycans was assayed by adjusting the medium pH to 6.8-8.0 with various organic non-volatile buffers (Eagle, 1971) . Whereas endocytosis is maximal around pH 7.4, degradation is inversely related to the pH within the pH range 6.8-8.0 (Fig. 6 ). (Kresse et al., 1975) . The endocytosis exhibits clear saturation kinetics. The affinity of [35S] proteoglycans to the cell-surface receptors is about two orders of magnitude higher than that reported for the affinity of lysosomal enzymes to their cell-surface receptors in fibroblasts (von Figura & Kresse, 1974; Kaplan et al., 1977; Sando & Neufeld, 1977; Ullrich et al., 1978) , whereas the number of molecules endocytosed/h per cell are remarkably similar for lysosomal enzymes and proteoglycans (von Figura, 1977 (Schneider et al., 1977) and low-density-lipoprotein receptors (Anderson etal., 1977) .
Trypsin treatment decreased endocytosis of proteoglycans only for an initial period of 24h. This may indicate that the proteoglycan receptors are trypsin-resistant. Recycling of proteoglycan receptors, however, could easily replace trypsin-destroyed receptors within a period that is short compared with that required for determination of proteoglycan endocytosis. Diminished endocytosis rate during exponential growth phase as observed for sulphated proteoglycans has been reported for uptake of horseradish peroxidase by HeLa cells (Kaplan, 1976) . Whereas the endocytosis rate of sulphated proteoglycans is maximal at pH7.4, that of lysosomal enzymes is inversely related to the pH between 6.8 and 8.0 (K. von Figura, unpublished work). The inhibitory effect of alkaline medium pH on intracellular degradation of endocytosed sulphated proteoglycans corresponds to the previously observed intralysosomal storage of [35S]glycosaminoglycans in fibroblasts incubated at pH values above 7.4 (Lie et al., 1972) . The non-competitive inhibitory effect of negatively charged macromolecules such as glycosaminoglycans on endocytosis of sulphated proteoglycans suggests that these macromolecules do not interact with the cell-surface receptor for sulphated proteoglycans. It seems that adsorption of negatively charged macromolecules to the cell surface buries a part of proteoglycan receptors. Self-aggregation of sulphated proteoglycans on the cell surface and interaction of the sulphated proteoglycans with the remaining receptors appears to be unaffected. The self-aggregation of sulphated proteoglycans on the cell surface can be attributed to the glycosaminoglycan part of the proteoglycans, since similar amounts of free glycosaminoglycan chains and proteoglycan-bound glycosaminoglycan chains adsorb to the cell surface.
The lack of interaction of glycosaminoglycan chains with the cell-surface receptors for sulphated proteoglycans suggests that proteoglycans interact with the cell-surface receptors either via their protein core or via glycosaminoglycan side chains that have a conformation not maintained by free glycosaminoglycan chains. The final proof for this hypothesis, however, would be the demonstration of competitive inhibition of sulphated proteoglycan endocytosis by glycosaminoglycan-free protein-core molecules.
